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1
METHOD AND SYSTEM FOR IDENTIFYING
AND VISUALIZING WORK TRANSFERS
USING FINANCIAL DATA

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates generally to the field of multi-
hop work transfers. More specifically, the present invention is
related to identifying and visualizing work transfers using
financial data.

2. Discussion of Related Art

One of the most important advantages that global enter-
prises have compared to local firms is that they can more
easily obtain skills in a wider range of geographical locations.
For example, IT firms can provide certain services to their
clients in one country by using employees located in another
country where skilled IT workers are available. Global firms
benefit from the ability to allocate work to the location best
able to do the work based on available skills and billing rates,
as well as factors like proximity to client, governmental poli-
cies, and languages spoken.

In global enterprises, transferring work from one location
to another is common, and such transfers often occur on an
ad-hoc basis. For example, when a global service firm devel-
ops a plan for service delivery for its client, the firm deter-
mines which delivery center to use for certain services based
on information about the skills available in each delivery
center. However, the information about available skills in
each delivery center may change over time requiring that
adjustments be made, including moving the work to another
delivery center. Thus, when a delivery center receives a work
request for a certain service from another location, the deliv-
ery center may not possess the required skills to perform the
work, and thus needs to transtfer the work to another delivery
center. Such work transfers may also occur in multiple steps
because information about skills availability may not be accu-
rate when the transfer is made or because availability levels
may change over time.

Work transfers may occur repeatedly if the firm is unable to
identify recurring patterns in the transfer of work. Unneces-
sary work transfers incur transactional costs for the firm,
including the time needed for workers in the new delivery
center to gain knowledge of the client’s IT and business
context. In addition to financial costs, the churn has an impact
on client satisfaction and service quality, which can be
affected by service delays and disruptions in service delivery.

SUMMARY OF THE INVENTION

In this invention, methods and systems for identifying and
visualizing the patterns of work transfer in a network of
geographically distributed work locations are described.
Financial data are used to associate contracts where work is
performed. Financial (ledger) data provide a record of service
cost transfers in and out of each geography, but often the
direct relationship is not specified between transfers-in and
transfers-out (such direct specification would take the follow-
ing form: 10% of transfers from country A to country B is
further transferred to country C). When direct information of
pass-through is not available, the flow of work is identified by
analyzing the correlation between transfer-in from one geo-
graphical region and transfer-out to another geographical
region with consideration for potential time-delays. By iden-
tifying the patterns of workflow in every location, a flow
diagram of the work transfers is built. Identifying and visu-
alizing sustained work transfer patterns provides a way for the
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firm to control unnecessary work transfers. The existing lit-
erature on the flow of work does not discuss the use of finan-
cial data for analyzing work transfers.

The prior art solves the problem of identifying the work-
flows in business processes by mining data. However, unlike
the present invention, the methods proposed in the prior art
elicit workflow information from workflow logs that contain
detailed traces of each work step. In the present invention, the
information about work transfers is often only available at the
aggregate level, and thus tracing the entire trajectory of a
single piece of work is impossible with given data. Further-
more, the processes studied in the prior art, such as an auto-
mobile assembly process, always begin at initiating nodes
and end at terminal nodes, as opposed to the situation in
which every node can initiate, complete, or transfer work.

Embodiments of the present invention are an improvement
over prior art systems and methods.

In one embodiment, the present invention provides a
method for discovering and reducing multi-hop work trans-
fers from accounting information, comprising: representing a
time series of aggregate amounts of reported transfers
between each pair of locations, each aggregate amount cor-
responding to a given location pair and representing an aggre-
gate amount of work transferred from one location to another
location of the given location pair during a given time period;
performing a regression analysis on first and second aggre-
gate amounts for corresponding time periods where the
receiving location of the first amount and the sending location
of'the second amount are the same; indicating the presence of
a multi-hop transfer when the regression analysis passes a
significance test; and measuring the multi-hop transfer by the
regression analysis.

In one embodiment, the present invention also provides a
method for identifying and visualizing work transfers origi-
nating at location A and transferred to location C via location
B, the method comprising: identifying, from financial data,
c(A, B, t) and ¢(B, C, 1) for every time period t of interest,
where c(A, B, t) represents amount of work transferred from
A to B during the time period t and ¢(B, C, t) represents
amount of work transferred from B to C during the time
period t; conducting a regression test on ¢(A, B, t) and ¢(B, C,
t) and identifying a regression coefficient; identifying
repeated work transfer from location A to location C via
location B when the regression coefficient exceeds a pre-
determined threshold; and graphically representing the iden-
tified repeated work transfer from location A to location C via
location B.

In one embodiment, the present invention also provides a
method for identifying and visualizing work transfers origi-
nating at location A and transferred to location C via location
B with a time delay, the method comprising: identifying, from
financial data, c(A, B, t) and ¢(B, C, t+A), where location B
receives work from location A at time t and transfers the work
to location C at time t+A, where c(A, B, t) and c¢(B, C, t+A)
represent amounts of work transferred from A to B and from
Bto C, respectively; conducting a regression test on c(A, B, t)
and c(B, C, t+A) for a range of values of A and identifying the
largest regression coefficient; identifying repeated work
transfers from location A to location C via location B when
the largest regression coefficient exceeds a pre-determined
threshold; and graphically representing the identified
repeated work transfer from location A to location C via
location B with a time delay of A.

In one embodiment, the present invention provides an
article of manufacture having a non-transitory computer
usable medium having computer usable program code for
identifying and visualizing work transfers originating at loca-
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tion A and transferred to location C via location B, wherein
the non-transitory computer usable medium comprises: com-
puter readable program code identitying, from financial data,
c(A, B, t) and ¢(B, C, 1) for every time period t of interest,
where c(A, B, t) represents amount of work transferred from
A to B during said time period t and ¢(B, C, t) represents
amount of work transferred from B to C during said time
period t; computer readable program code conducting a
regression test on c(A, B, t) and ¢(B, C, t) and identifying a
regression coefficient; computer readable program code iden-
tifying repeated work transfer from location A to location C
via location B when said regression coefficient exceeds a
pre-determined threshold; and computer readable program
code graphically representing said identified repeated work
transfer from location A to location C via location B.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure, in accordance with one or more
various examples, is described in detail with reference to the
following figures. The drawings are provided for purposes of
illustration only and merely depict examples of the disclo-
sure. These drawings are provided to facilitate the reader’s
understanding of the disclosure and should not be considered
limiting of the breadth, scope, or applicability of the disclo-
sure.

FIG. 1 depicts an example of the scatter plot for the data
where each point in the plot represents the values of c(A, B, 1)
and ¢(B, C, t) for a given t.

FIG. 2A-C depicts a graphical example to facilitate under-
standing the invention based on an analysis of work transfer
units between locations A, B, and C.

FIG. 3 depicts an example of the optimal work transfer
decision.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

While this invention is illustrated and described in a pre-
ferred embodiment, the invention may be produced in many
different configurations. There is depicted in the drawings,
and will herein be described in detail, a preferred embodiment
of the invention, with the understanding that the present dis-
closure is to be considered as an exemplification of the prin-
ciples of the invention and the associated functional specifi-
cations for its construction and is not intended to limit the
invention to the embodiment illustrated. Those skilled in the
art will envision many other possible variations within the
scope of the present invention.

Note that in this description, references to “one embodi-
ment” or “an embodiment” mean that the feature being
referred to is included in at least one embodiment of the
invention. Further, separate references to “one embodiment”
in this description do not necessarily refer to the same
embodiment; however, neither are such embodiments mutu-
ally exclusive, unless so stated and except as will be readily
apparent to those of ordinary skill in the art. Thus, the present
invention can include any variety of combinations and/or
integrations of the embodiments described herein.

The present invention discloses a global service provider
which provides various services to its clients using multiple
globally distributed delivery centers. When the service pro-
vider makes a supply agreement with the client, the service
provider starts by developing a delivery plan. The plan
includes when and which delivery center provides a certain
service to the client firm. The decision of which delivery
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center provides a certain service depends on several factors
such as billing rates, proximity to the client, and the available
skills at each delivery center.

Due to the large number of globally distributed delivery
centers and the variety of skills required to deliver the ser-
vices, the team that develops the delivery plan often has
inaccurate information about the availability of skills at each
delivery center. As a result, after the planning phase, the
delivery center may receive work requests that cannot be
processed due to the absence of required skills. In such cases,
the delivery center that received the work request transfers the
request to another location that may be able to execute the
work. Transferred work requests may be transferred further to
another location, if the receiving location also lacks the
required skills or does not have the capacity for processing the
work.

Due to the large volume of work transfer across different
geographies, the entire history of transfers is often not avail-
able at the operational level. Instead, each location claims the
total cost that it incurred for the work requests that were
received from another location. Table 1, below, is an example
of'ledger entries showing the costs charged by other locations
to a specific location.

TABLE 1
Cost Description USD Amount Year Month
Cost from location A 100 2010 2
Cost from location B 300 2010 2
Cost from location C 50 2010 3

Sometimes, the sources of transferred work requests
(costs) can be directly identified by the associated contracts to
which the transferred costs are allocated. When the sources of
transferred work are not given, the present invention can
identify how much work that is received by location A from
location B, is further transferred to location C. The method
consists of conducting a regression analysis between trans-
fers-out from B to C and the transfers-in from A to B. Before
doing so, the transferred costs whose sources are known are
removed.

3.1. Regression Analysis

As discussed above, some of the work requests transferred
to a location can be further transferred to other locations, and
how such multi-hop transfer information is not available in
many cases. Discussed below are the ways to establish the
relationship between work transfers to a specific location and
work transfers from the location.

Suppose that location B receives work requests from loca-
tion A, and transfers work requests to location C. The work
requests that location B transfers to location C include some
of'the work requests that location B received from location A,
and also the work that location B generates by itself c(A, B, t)
is defined as the amount of total work (in terms of cost
transfers in the ledger) transferred from A to B during period
t, excluding all work that was further transferred to known
locations. k(A, B, C, t) is defined as the amount of known
work transfers from A to B to C during period t. To identify
work transfers from A to C via B, c(A, B, t) and ¢(B, C, t) are
collected from the ledger for every period t of the interest.

FIG. 1 depicts an example of the scatter plot for the data.
Each point in the plot represents the values of c(A, B, t) and
c¢(B, C, 1) for a given t. If location B transfers the work
requests that it received from A to location C repeatedly, then
there should be a positive correlation between c(A, B, t) and
¢(B, C, 1). Thus, such repeated work transfers are identified by
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conducting a regression test such as a linear regression test on
c(A, B, 1) and ¢(B, C, t). The linear line in the above graph is
the linear line best fitting the scatter plot.

When the regression coefficient (R?) exceeds a certain
threshold, it is concluded that some of the work requests that
location A transfers to location B are further transferred to
location C repeatedly. The volume of these multi-hop trans-
fers is estimated from the slope of the linear regression line.
Suppose that the linear regression line has the following val-
ues: ¢(B, C, t)=ac(A, B, t)+p. This result suggests that ax
100% of the work requests transferred from A to B with
unknown next destination information are further transferred
to C. Then, wt(A, B, C) is defined as follows

[a Mean(c(A, B, 1)) + Mean(k(A, B, C, 1)]

wiA, B, €) = [Mean(c(A, B, 1)) + Mean(k(A, B, C, 1))]

x100%,

which indicates the average percentage of work requests
transferred from B to C among the work requests transferred
from A to B. Note that, when computing wt(A, B, C), the
present invention takes the known transfers from A to B to C,
ie., k(A, B, C, 1), into account.

It should be noted that work transfers may occur with a
certain time delay. For example, location B may receive a
request from location A at period t, but further transfer the
work to location C at period t+1. When most work transfers
occur with such a time-delay, multi-hop work transfers can be
identified by analyzing the correlation between transfers with
a certain time gap. For example, a regression test can be
conducted on c(A, B, t) and ¢(B, C, t+A) for various values of
A, where the value of A with the largest regression coefficient
is taken.

In some cases, the order in which related transfers are
recorded can be reversed from the causal order. The time
difference may be randomly -1, 0, or 1 period. Since these
time differences are not systematic, linear regression tests for
time adjusted time series cannot be performed. In such cases,
linear regression tests may be performed for the three-period
simple moving averages of the relevant pairs of time series.

3.2. Generating Workflow Diagram

Next, a discussion is provided on how to generate the
diagram of the flows of work generated by a location. The
location of interest is denoted by location A and the average
amount of work that A generates and transfers to location X is
denoted by wo(A, X). The set of locations that receive work
from A is denoted by L(A). Then, the following are defined

TA={+}: the set of distinct directional location pairs to

analyze, and

TD={e}: the set of distinct analyzed directional location

pairs

The elements to be added to these two sets are the pairs of
two locations with direction, e.g., A—=B. WT is defined as
follows:

WT={*}: the set of identified work transfers.

The elements to be added to this set are the triples wt(A, B,
C) defined in the previous subsection. Finally, WO is defined
below:

WO={*}: the original work that location A generated and

transferred to other locations.

All these sets are initially constructed as empty sets. In
order to generate the workflow diagram, the two sets WO and
WT need to be filled. To do so, the following algorithm is run

For every X in L(A)

Add A—X to TA
Add wo(A, X) to WO
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While TA is not empty
Take an element Y—X from TA
Get L(X), which is the set of locations that receive work
from X
For every Z in L(X)
Determine whether c(Y, X, t) and c(X, Zt) pass the
correlation test
If so, compute wt(Y, X, Z), and add it to WT
Ifin addition X—Z7 is in neither TD nor TA, add X—Z
to TA
AddY—X to TD, and remove it from TA

Starting from the original location, the algorithm looks for
all locations that receive work from the location, and deter-
mines whether the recipient location further transfers the
work to other locations. The algorithm continues to search
multi-hop transfers until all potential work transfers are iden-
tified.

With the two sets WO and WT constructed by the above
method, a discussion is presented on how to construct the
diagram of work flows. The objective is to quantify the flows
of' work originally generated by location A. f(X,Y) is defined
as the amount of work originally generated by location A, and
later received by location X and further transferred to location
Y. This value is different from wo(X,Y), which indicates the
work that location X generates and transfers to locationY. The
amount of work measured by f(X,Y) originated from location
A. An objective is to determine the values of f(X,Y) for all
location pairs. To do so, a set is defined and an initialization
step is run:

Q={*} as the temporary set of work transfers to examine

Set f(X, Y)=0 for every X and Y in the network.

For every wo(A, X) in WO:

Update (A, X) as wo(A, X)
Add wo(A, X) to Q

The elements in Q will be examined to see whether they are
further transferred to other locations. Then, the following
algorithm identifies all traces of work generated from loca-
tion A

While Q is not empty

Get an element q(X,Y) from Q
For every Z such that wt(X,Y, Z) is in WT
Update f(Y, Z) as (Y, Z)+{(X, Y)*wt(X, Y, Z)
Check ifq(Y, Z) isin Q
If not, add q(Y, Z)=q, Y)*wt(X, Y, Z)to Q
If'so, update q(Y, Z)as q(Y, Z)+q, Y)*wt,Y, Z) in Q
Remove q(X,Y) from Q

FIG. 2A-C depicts a graphical example to facilitate under-
standing the invention. Suppose that location A generates and
transfers 10 units of work to location B and 20 units of work
to location C, i.e., WO={wo(A, B)=10, wo(A, C)=20}. Sup-
pose also that identified work transfers are given as follows:
WT={wt(A, B, C)=20%, wt(A, B, D)=30%, wi(B, C,
D)=50%, wt(A, C, D)=20%}.

The graph in FIG. 2(A) shows that location A generates and
transfers 10 units of work to location B, and generates and
transfers 20 units of work to location C. Because this work
can be transferred to other locations, it is added to the set Q for
further investigation. The correlation analysis shows that
location B transfers 20% of work it receives from location A
to location C and 30% of them to location D. Thus, {(B, C)
incremented by 2 units and f(B, D) is incremented by 3 units.
Because these two work transfers can be further transferred, it
is added to the set Q. Because the work q(A, B)=10 is ana-
lyzed, it is removed from Q. Similarly, the work that location
A transferred to location C is also analyzed as shown in the
graph depicted in FIG. 2(B). At this step the set Q contains
three elements: q(B, C)=2, q(B, D)=3, and q(C, D)=4. The
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correlation analysis implies that 50% of the work that location
B transfers to location C is further transferred to location D.
Thus, the algorithm adds one unit of work from location C to
location D. The correlation analysis shows that location D
does not transfer any work that it receives from location B or
location C. Thus, the algorithm stops, and the full diagram is
constructed as in the third graph depicted in FIG. 2(C).

3.3. Computing Optimal Work Transfers

If the service provider knew which work was processed at
each location upfront, locations would not need to transfer the
work that they received from other locations. Considering the
transactional costs and potential time-delays incurred by such
multi-hop work transfers, the firm’s optimal work transfer
decision is to always transfer work to a location that can
process it directly. Thus, the optimal work transfer decision is
obtained as follows.

For every location X!=A, compute

TI(X): sum off(Y, X) for every Y
TO(X): sum off(X,Y) for every Y
TI(X)-TO(X): net work done by location X

Direct TI(X)-TO(X) from location A to location X

FIG. 3 depicts an example of the optimal work transfer
decision.

The above-described features and applications can be
implemented as software processes that are specified as a set
of instructions recorded on a computer readable storage
medium (also referred to as computer readable medium).
When these instructions are executed by one or more process-
ing unit(s) (e.g., one or more processors, cores of processors,
or other processing units), they cause the processing unit(s) to
perform the actions indicated in the instructions. Embodi-
ments within the scope of the present disclosure may also
include tangible and/or non-transitory computer-readable
storage media for carrying or having computer-executable
instructions or data structures stored thereon. Such non-tran-
sitory computer-readable storage media can be any available
media that can be accessed by a general purpose or special
purpose computer, including the functional design of any
special purpose processor. By way of example, and not limi-
tation, such non-transitory computer-readable media can
include flash memory, RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium which can be
used to carry or store desired program code means in the form
of computer-executable instructions, data structures, or pro-
cessor chip design. The computer readable media does not
include carrier waves and electronic signals passing wire-
lessly or over wired connections.

Computer-executable instructions include, for example,
instructions and data which cause a general purpose com-
puter, special purpose computer, or special purpose process-
ing device to perform a certain function or group of functions.
Computer-executable instructions also include program
modules that are executed by computers in stand-alone or
network environments. Generally, program modules include
routines, programs, components, data structures, objects, and
the functions inherent in the design of special-purpose pro-
cessors, etc. that perform particular tasks or implement par-
ticular abstract data types. Computer-executable instructions,
associated data structures, and program modules represent
examples of the program code means for executing steps of
the methods disclosed herein. The particular sequence of such
executable instructions or associated data structures repre-
sents examples of corresponding acts for implementing the
functions described in such steps.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
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form of programming language, including compiled or inter-
preted languages, declarative or procedural languages, and it
can be deployed in any form, including as a stand-alone
program or as a module, component, subroutine, object, or
other unit suitable for use in a computing environment. A
computer program may, but need not, correspond to a filein a
file system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to
the program in question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network.

These functions described above can be implemented in
digital electronic circuitry, in computer software, firmware or
hardware. The techniques can be implemented using one or
more computer program products. Programmable processors
and computers can be included in or packaged as mobile
devices. The processes and logic flows can be performed by
one or more programmable processors and by one or more
programmable logic circuitry. General and special purpose
computing devices and storage devices can be interconnected
through communication networks.

Some implementations include electronic components, for
example microprocessors, storage and memory that store
computer program instructions in a machine-readable or
computer-readable medium (alternatively referred to as com-
puter-readable storage media, machine-readable media, or
machine-readable storage media). Some examples of such
computer-readable media include RAM, ROM, read-only
compact discs (CD-ROM), recordable compact discs (CD-
R), rewritable compact discs (CD-RW), read-only digital ver-
satile discs (e.g., DVD-ROM, dual-layer DVD-ROM), a vari-
ety of recordable/rewritable DVDs (e.g., DVD-RAM, DVD-
RW, DVD+RW, etc.), flash memory (e.g., SD cards, mini-SD
cards, micro-SD cards, etc.), magnetic or solid state hard
drives, read-only and recordable BluRay® discs, ultra density
optical discs, any other optical or magnetic media, and floppy
disks. The computer-readable media can store a computer
program that is executable by at least one processing unit and
includes sets of instructions for performing various opera-
tions. Examples of computer programs or computer code
include machine code, for example is produced by a compiler,
and files including higher-level code that are executed by a
computer, an electronic component, or a Mmicroprocessor
using an interpreter.

Itis understood that any specific order or hierarchy of steps
in the processes disclosed is an illustration of example
approaches. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged, or that all illustrated steps be performed.
Some of the steps may be performed simultaneously. For
example, in certain circumstances, multitasking and parallel
processing may be advantageous. Moreover, the separation of
various system components illustrated above should not be
understood as requiring such separation, and it should be
understood that the described program components and sys-
tems can generally be integrated together in a single software
product or packaged into multiple software products.

Various modifications to these aspects will be readily
apparent, and the generic principles defined herein may be
applied to other aspects. Thus, the claims are not intended to
be limited to the aspects shown herein, but is to be accorded
the full scope consistent with the language claims, where
reference to an element in the singular is not intended to mean
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“one and only one” unless specifically so stated, but rather
“one or more.” Unless specifically stated otherwise, the term
“some” refers to one or more. Pronouns in the masculine (e.g.,
his) include the feminine and neuter gender (e.g., her and its)
and vice versa. Headings and subheadings, if any, are used for
convenience only and do not limit the subject technology.

The various embodiments described above are provided by
way of illustration only and should not be construed to limit
the scope of the disclosure. Those skilled in the art will readily
recognize various modifications and changes that may be
made to the principles described herein without following the
example embodiments and applications illustrated and
described herein, and without departing from the spirit and
scope of the disclosure.

While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any invention or of what may be claimed, but
rather as descriptions of features that may be specific to
particular embodiments of particular inventions. Certain fea-
tures that are described in this specification in the context of
separate embodiments can also be implemented in combina-
tionin a single embodiment. Conversely, various features that
are described in the context of a single embodiment can also
be implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the embodiments described above should not be
understood as requiring such separation in all embodiments,
and it should be understood that the described program com-
ponents and systems can generally be integrated together in a
single software product or packaged into multiple software
products.

As noted above, particular embodiments of the subject
matter have been described, but other embodiments are
within the scope of the following claims. For example, the
actions recited in the claims can be performed in a different
order and still achieve desirable results. As one example, the
processes depicted in the accompanying figures do not nec-
essarily require the particular order shown, or sequential
order, to achieve desirable results.

CONCLUSION

Systems and methods have been shown in the above
embodiments for identifying and visualizing work transfers
using financial data. While various preferred embodiments
have been shown and described, it will be understood that
there is no intent to limit the invention by such disclosure, but
rather, it is intended to cover all modifications falling within
the spirit and scope of the invention, as defined in the
appended claims. For example, the present invention should
not be limited by software/program, computing environment,
or specific computing hardware.

10

15

20

25

30

35

40

45

50

60

65

10

The invention claimed is:
1. A computer-based method for discovering and reducing
multi-hop work transfers from accounting information, com-
prising:
representing a time series of aggregate amounts of reported
work transfers between each directional pair of loca-
tions, each aggregate amount corresponding to a given
directional location pair and representing an aggregate
amount of work transferred between said given direc-
tional location pair during a given time period;

performing a regression analysis on first and second aggre-
gate amounts for corresponding time periods where the
receiving location of the first amount and the sending
location of the second amount are the same;

indicating the presence of a multi-hop transfer when said

regression analysis passes a significance test;
measuring the multi-hop transtfer by said regression analy-
sis; and

optimizing work flow by directing net work to its ultimate

target in one hop when said multi-hop transfer is indi-
cated.
2. The method of claim 1, wherein said regression analysis
is a linear regression test.
3. The method of claim 2, further comprising performing
said linear regression test on a three-period simple moving
average.
4. The method of claim 1, further comprising the step of
subtracting transfers that are allocated to contracts from the
aggregate amounts of the reported transfers.
5. The method of claim 1, further comprising completing
and visualizing a table of measured multi-hop transfers from
one place by a transitive closure operation in a graph with
nodes as places and edges as parts of measured multi-hop
transfers.
6. A computer-based method for identifying and visualiz-
ing work transfers originating at location A and transferred to
location C via location B, said method comprising:
identifying, from financial data, c(A, B, t) and ¢(B, C, t) for
every time period t of interest, where c(A, B, t) repre-
sents amount of work transferred from A to B during said
time period t and ¢(B, C, t) represents amount of work
transferred from B to C during said time period t;

conducting a regression test on c(A, B, t) and ¢(B, C, t) and
identifying a regression coefficient;

identifying repeated work transfer from location A to loca-

tion C via location B when said regression coefficient
exceeds a pre-determined threshold;
graphically representing said identified repeated work
transfer from location A to location C via location B; and

optimizing repeated work transfer from location A to loca-
tion C via location B by directing net work directly from
location A to location C in one hop.

7. The method of claim 6, wherein said financial data are
ledger data.

8. The method of claim 6, wherein said regression test is a
linear regression test.

9. The method of claim 6, wherein said method comprises:

generating a scatter plot of ¢(B, C, t) versus c(A, B, t);

identifying a linear regression line best fitting said scatter

plot;

identifying a slope of said linear regression line; and

identifying said repeated work transfer from location A to

location C via location B based on said regression coef-
ficient.
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10. The method of claim 6, wherein said method com-
prises:

generating a scatter plot of ¢(B, C, t) versus c(A, B, 1);

identifying a linear regression line best fitting said scatter
plot;

identifying a slope, o, of said linear regression line;

computing an average percentage of work requests trans-
ferred from B to C among the work requests transferred
from A to B as follows:

[a Mean(c(A, B, 1)) + Mean(k(A, B, C, 1)]
[Mean(c(A, B, 1)) + Mean(k(A, B, C, )]

wi(A, B, C) = x 100%,

where k(A, B, C, 1) represents known transfers from A to B to
C; and
identifying said repeated work transfer from location A to
location C via location B based on said computed aver-
age percentage of work requests transferred from B to C
among the work requests transferred from A to B.
11. The method of claim 10, wherein said financial data are
ledger data.
12. A computer-based method for identifying and visual-
izing work transfers originating at location A and transferred
to location C via location B with time delay, said method
comprising:
identifying, from financial data, c(A, B, t) and c(B, C, t+A),
where location B receives work from location A at time
t and transfers the work to location C at time t+A, where
c(A, B, t) and ¢(B, C, t+A) represent amounts of work
transferred from A to B and from B to C, respectively;

conducting a regression test on c(A, B, t) and ¢(B, C, t+A)
for a range of values of A and identifying the largest
regression coefficient;

identifying repeated work transfer from location A to loca-

tion C via location B with time-delay when said largest
regression coefficient exceeds a pre-determined thresh-
old;
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graphically representing said identified repeated work
transfer from location A to location C via location B; and
optimizing repeated work transfer from location A to loca-
tion C via location B by directing net work directly from
location A to location C in one hop.
13. The method of claim 12, wherein said regression test is
a linear regression test.
14. The method of claim 13, wherein said linear regression
test is performed on a three-period simple moving average.
15. An article of manufacture having a non-transitory com-
puter usable medium having computer usable program code
for identifying and visualizing work transfers originating at
location A and transferred to location C via location B, said
non-transitory computer usable medium comprising:
computer readable program code identifying, from finan-
cial data, c(A, B, t) and ¢(B, C, t) for every time period t
of interest, where c(A, B, t) represents amount of work
transferred from A to B during said time period t and
c(B, C, t) represents amount of work transferred from B
to C during said time period t;
computer readable program code conducting a regression
test on c(A, B, t) and ¢(B, C, t) and identifying a regres-
sion coefficient;
computer readable program code identifying repeated
work transfer from location A to location C via location
B when said regression coefficient exceeds a pre-deter-
mined threshold;
computer readable program code graphically representing
said identified repeated work transfer from location A to
location C via location B; and
computer readable program code optimizing repeated
work transfer from location A to location C via location
B by directing net work directly from location A to
location C in one hop.
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